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<abs> Competition for resource, including territories is seen in a broad range of taxa1. 
There has been much research on factors that determine the intensity and outcome of 
competitions (e.g. resource holding potentials: RHP, and resource value: RV)2-6. No 
research, however, has shown how different factors can simultaneously alter the 
intensity and outcome of contests. We investigated the effects of RV on fighting 
behavior and success in inter-tidal, territorial male crabs. Under natural conditions 
the larger rival won contests irrespective of whether he was the resident or intruder 
(i.e. there was no residency effect). We then motivated intruders to fight hard by 
subjecting them to the threat of predation, and found that they were more likely to 
win contests. When we also motivated residents to fight hard by placing a female in 
his burrow (i.e. both rivals were simultaneously motivated to fight due to the 
perceived increase in resource value), we found that the contests escalated more and 
that resident males had a slightly increased chance of winning. This is the first report 
of two factors simultaneously affecting motivation and therefore altering the 
escalation and outcome of a contest. 
<p> Territories include resources which must be defended against conspecific and/or 
heterospecific intruders. Defending the resources conveys substantial benefits to the 
resident7. Competitions for territories occur in a broad range of animal taxa, and territories 
have a wide range of functions including feeding, mating and parenting sites and refugee 
from predators7. Much research has focused on factors that determine the outcome of 
resource competition, and the best known are the residency effect8, body size9, weapon 
size10, age11 and resource value (RV)2,5,6,12. Differences in resource holding potential (RHP) 
between competitors can explain the outcome of the most contests5. Recently, however, 
changes in RV have been demonstrated to affect contest behaviors and outcomes. A hermit 
crab that is in a shell too small for its body tends to initiate more fights and is more likely to 
win in order to escape the potential risk of predation5. A male cricket that is motivated by 
acquiring a mate tends to win more fights due to increased aggressiveness6. However, no 
research has shown how changing two or more factors simultaneously affecting RV alter 
contest behavior and contest outcomes.  
<p> The burrows of brachyuran crabs inhabiting tidal flats have multiple functions, such as, 
refugees at high tides or from predation13, places for water supply, mating, extruding eggs, 
incubation14,15 and so on16. There have been several studies on competition for burrows17-19. 
Body size and residency are the main determinants of contest outcome. However, these 
studies are usually under natural conditions so that RV for the contestants is probably equal. 
Here, we first show that two manipulations on RV of the burrows alter contest behaviors 
and their outcomes in the sand-bubbler crab Scopimera globosa. After observing crabs 
under natural conditions, we (1) elevated the perceived predation risk for the intruding crab 
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and (2) provided the resident with a female. These two manipulations increased each male’s 
motivation to fight and altered the rates of escalation and the outcome of fights.  
<p> S. globosa is very common on the sandy-muddy tidal flats in Japan. The crabs 
individually inhabit burrows in a mixed-sex colony20. Since contests for the burrows mostly 
occurred between males under natural condition (male-male, n=43: male-female, n=5: 
female-female, n=2; 86%), we analyzed only contests between males. Contests start when 
an intruder approaches and contacts a resident at the entrance of its burrow. If the 
difference in body size (carapace width) between the two contestants is large, the larger one 
often strikes the smaller one using his chelae and thus wins the contest. When the size 
difference is small, the rivals push each other with their chelae, lifting their first and second 
ambulatory legs and standing firm with their third and forth legs (Fig. 1). The winner 
acquires the burrow and the loser leaves the area. 
<p> Under natural condition, the larger of the two rivals is more likely to win the contest. 
Body size was, therefore, a highly significant determinant of fight outcome and there was 
no residency effect (difference in carapace width: χ2 = 9.635, p = 0.0019; the contestant ID: 
χ2 = 0.001, p = 0.975, n = 43, logistic regression analysis; Fig. 2a, b).  
<p> We experimentally changed the value of the territory for the intruder by simulating a 
predation threat (by capturing and keeping him in a small plastic box (11 x 11 x 5 cm) for a 
few minutes). Then we let him descend the burrow when the resident was in it. Soon after 
he descended the burrow, one of the rivals left the burrow and walked away from the area 
(i.e. non-escalated contest); or both rivals emerged from the burrow and fought with 
escalation (Fig. 1). The loser of the fight then walked away. After the contest finished, we 
captured both crabs and measured their carapace widths. Though the difference in body size 
largely determined the outcome of contests, intruders won significantly more often after 
correcting for the size difference (difference in carapace width: χ2 = 8.366, p = 0.0038; 
residency status: χ2 = 5.737, p = 0.017, n = 50; Fig. 2c, d).  
<p> We conducted the second manipulation by providing a resident male with a female 
(while simultaneously subjecting the intruder to the predation threat). After a female was 
placed inside the resident’s burrow, he would come back up to the surface in order to plug 
his burrow. At this point, we scared him back into his burrow and introduced an intruding 
male to the burrow. The intruder had just been subjected to a predation threat. This 
procedure produced a pair of rivals that were both motivated to fight harder due to each 
having an increased perception of the territory value.  After the contest ended, we captured 
both males and measured their body size. We found that the fight outcome was largely 
determined by their relative body sizes, but the residents were marginally more likely to 
win even when they were slightly smaller (difference in carapace width: χ2 = 10.379, p = 
0.0013; the ID of male: χ2 = 3.612, p = 0.057, n = 50; Fig. 2e, f). Residents that had 
females in their burrows were motivated as much or more than intruders that were 
subjected to a predation threat. When we pooled and reanalyzed the data from the two 
experiments, the existence of a female also significantly affected the fight outcome (the 
existence of a female: χ2 = 9.965, p = 0.0016; difference in carapace width: χ2 = 18.759, p 
< 0.0001; the constant: χ2 = 5.825, p = 0.0128, n = 100). 
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<p> The level of fight escalation was low when a single contestant was motivated (i.e. only 
the intruder was motivated), while the level was high when both contestants were 
motivated (i.e. the resident also was motivated). The increase in escalation level was 
significant (p = 0.007, Fisher’s test, Table 1), suggesting that fight escalation occurred only 
when both crabs were highly motivated and neither was prepared to forfeit the resource 
without a hard fight.  
<p> Male speckled wood butterflies fight intensely and with great escalation when both 
rivals are motivated8. The present study demonstrates that changes in absolute resource 
value raised an individual’s motivation. This is the first evidence that two different factors 
simultaneously raise the motivation of each contestant and affect their contest behavior and 
the outcome of a single contest.  
<p> In this study, the resident happened to be motivated slightly more than the intruder, 
however, the intensity of motivation may vary depending on the degree of predation risk 
and the number of mates. The intruder may win under some conditions even though both 
males have increased motivation.  
<p> Multifunctional territories occur in many taxa7 and altering the resource values to each 
or both rival will help to clarify evolution of contest behavior in general.  
 
<meth1ttl> Methods: <meth1hd> The study sites were sandy tidal flats of Kinokawa-
River (observation under the natural condition) and of Waka-River estuaries (field 
experiments) in Wakayama city, Japan. We observed contest behaviors of S. globosa under 
natural condition during the main breeding season (Jun-Sept) in 2004 and 2005. After the 
contest between a resident and an intruder finished, we captured them and measured their 
carapace width ±0.1 mm using calipers.  
<meth1> We conducted field experiments during the reproductive season (Jun-Aug) in 
2007. We dug up burrows of male S. globosa and captured the residents to use as intruders. 
To identify the intruder, we marked its carapace with a colored pen (Mitsubishi’s paint 
markers) shortly before using them in the experiments. 
<meth1> Receptive non-ovigerous females were collected in the burrow area of the same 
tidal flat on the same day of the experiment. We provided a resident male with a female 
mate in two ways. In some cases (n = 26), a female was released near the resident male 
when he was on the surface. The male would capture her and take her into his burrow.  In 
other case (n = 26), we put a female directly into the burrow of the male. In both cases the 
males soon appeared on the surface to plug the entrance, as happens in unmanipulated 
burrow matings. We could pool the data since there was no difference in the fighting 
success of the residents for the two ways of female provisioning (n = 13 and 14 
respectively, p = 0.500, Fisher’s test).  
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<TBLTTL> Table 1: The relationship between motivation and contest escalation. The 
intruder was motivated by perceived increase in predation risk, and, the resident by the 
acquisition of a female. 
 
<TBLROW> Motivated 
contestant(s) 
With escalation Without escalation 
<TBLROW> Only the 
intruder 
18 32 
<TBLROW> Both the 
intruder and resident 
33 20 
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<LEGEND> Figure legend 
 
Fig. 1: Contest behavior between male Scopimera globosa. 
 
Fig. 2: Relationships between outcomes of contests for burrows and the difference in body 
size between the resident and the intruder: (a) data for each pair and (b) the logistic 
regression curve under the natural condition, (c) data for each pair and (d) the logistic 
regression curve for the experiment in which only the intruder was motivated by a 
perceived increase in predation risk, (e) data for each pair and (f) the logistic regression 
curve under the experiment in which both the intruder was motivated by a perceived 
increase in predation risk and the resident by the acquisition of a female. The numbers on 
some circles in (a), (c) and (e) represent the number of overlapped data for each circle. 
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